Abstract: An intervention study has been conducted in chrysotile asbestos milling processes with an interval of one year. The `Membrane Filter Method' adopted in the former study for fiber concentration estimation has been followed in the present study, to estimate the environmental samples under the same experimental conditions. Though very high fiber levels compared to the prescribed permissible limit in India, have also been obtained in this study, a general reduction trend in the values of mills common to the both studies are observed. A further suitable control measure has been recommended in the paper to reduce fiber levels in the milling processes.
INTRODUCTION
The potential health risk of asbestos are well documented. It is evident from the available literature that all types of asbestos, though they vary in degree of potency, are capable to induce malignancy'. A higher level of occupational exposure to chrysotile asbestos should also be considered as a serious health concern. The prevailing environmental conditions at the chrysotile milling operations of Andhra Pradesh in India have been found extremely hazardous by the authors in a survey conducted during the year 19892'. It was reported in the study that the workers were exposed to very high concentration of fibers, 30% of which had length more than 10 µm and majority were of breadth, 1.6 µm and below. Examination of environmental samples under a scanning electron microscope indicated the presence of tremolite as has been reported elsewhere in Canadian chrysotile3'. As an immediate suggestive measure after this study, the authors stressed on the adoption of control measure along with health education programme to create awareness of the hazardous character of asbestos dust, good house-keeping, personal hygiene and safe work-practice.
The management of the mills attempted some scattered measures to bring down fiber levels in mills immediately after the study.
A second environmental survey was undertaken by the authors in 1990, exactly after one year with a purpose to observe the improvement in the fiber levels at processing areas. This paper deals with the results of fiber measurements in the intervention study particularly on those of common mills to both the studies. Lines of discussion on the control measures adopted and its suitability in the present set up of the processing machineries are also included in the paper. It has been described earlier that in conventional type millings the asbestos bearing rocks are fiberized into a finer form by several processing stages such as pulverization, decortication, screen gradation, and manual grading. The present study, along with the mills of the conventional type, also included a mechanised milling plant where the processes are interlinked in a sequence and entirely ducted to segregate the plant from general mill-air. There are two stages of fiberization to increase fiber fineness followed by screens to concentrate fibers according to its length. Devices such as elevators, air-lift, and screw conveyors are attached to transfer the materials under process from one stage to the other and also to separate the rocky mass from fibrous. Finally, fine fibers are separated from the coarse material by cyclone collector.
The man power requirement in case of the mechanised plant is much less compared to those in conventional type mills.
There are several studies reported on the exposure and health risk of workers occupationally exposed to asbestos4-''.
In a study conducted in British Columbia, the reported fiber levels in the mill air varied from 0.7 to 88 fiber per cm3 g'. Another study conducted in western Australia9' in 1988 reported the concentration up to 100 fibers per cm3 in bagging area of the mill. A study conducted in Canadian asbestos mines and millings during 1973 reported mill-airfiber levels to vary between 1.1-189 fiber per cm3 10'. But reports on the occupational hazards and its control in developing countries are lacking. The milling operations in developed countries are mostly mechanised and are different from the conventional milling. As switching over from conventional to automated plant in India involves a huge economic constrain, control measures effective to the existing set up at reasonable costs are always required.
MATERIALS AND METHODS
The intervention study was undertaken during 1990 in six asbestos mills, A, B, C, D, E and F situated in the neighbouring areas of Andhra Pradesh (India). Out at work-places by light microscopy (Membrane filter method) was also used in this study like the earlier (BIS, 1986).
A total of 163 short-term environmental samples were collected at a distance of 2-4 ft. from the processes over a period 5-10 minutes at the rate of 1 litre per minute on membrane filter (Millipore AA, 0.8 µm pore size, 25 mm diameter, Massachusetts, U.S.A.) by using personal sampler (AFC 123, Casella, London). Acetone-triacetin technique was adopted for sample preparation as done in the previous study. The same phase contrast optical microscope equipped with an automatic photographic attachment (Olympus, Model BH-2, Tokyo) and incorporated with the "Walton and Beckett" graticule (Edinburgh) was used at a magnification of 400x for fiber counting2~. The experimental conditions and the criteria of fiber counting were same for both the studies (i.e., length more than 5 µm; diameter less than 3µm and length to diameter ratio greater than 3:1). All care was taken to minimise the possible errors of sampling and counting fibers as per recommendations in the method (BIS, 1986)"'. The fiber counting was performed in the same specified laboratory.
RESULTS
The process-wise mean and range of fiber levels obtained during September, 1990 in the mills, A, B, C, D, E (conventional type) and F (mechanised type) are presented respectively in Tables 1 and 2 as the conditions are different. A typical dust field view of a membrane sample under a phase contrast optical microscope at magnification of 400x is shown in Figure 1 . Bar diagrams, shown in Figures 2 and 3 are respectively the fiber levels at different processes of the mills, A, B, C and D combinedly and individually for the present study as well as that conducted by the authors in 19892'. Since fiber concentrations, presented in the paper, represent values of short-term sampling at close proximity of the processes, the highest values may also be considered as peak exposure levels for those engaged adjacent to the processes.
DISCUSSION
The average fiber concentration levels obtained in the study (Table 1) have been found to be higher than the Indian Standard for chrysotile asbestos of 2 fibers per cm3 12' and also that adopted by many developed and developing countries of the world13~. The highest fiber level recorded in Mill E at the decorticator is about 33 times higher than the prescribed threshold limit.
In the present study, Mill E showed the highest fiber concentrations for the processes common among all the mills in Table 1 . When the results in Table 1 are compared to those of our earlier study2' to observe the prevailing condition with respect to fiber levels in mills, a general reduction trend is found in the present study for almost all the processes A few cases, where higher results have been found in the later study, may be accounted because no improvement was made over earlier conditions but the ventilations in the areas were influenced directly by outside air. The decreasing trend observed in the fiber concentration levels may be attributed to the measures adopted after the first study as well as the much more careful work practice adopted by the workers.
It is evident from Table 2 that the fiber concentration levels at different locations of the mechanised Mill F are also higher than the prescribed threshold limit. Though in the mechanised mill, the processes are well segregated from general mill air and ducted all through, the results show there are considerable fiber emission in the mill environment.
The mean fiber concentration levels at different processing points have not been found to vary much. The highest value recorded at the screw conveyor is attributable to some leakage in the duct.
Exposure Control in Asbestos Milling: During the course of the first study, hardly any control measure were noticed in the mills. The manual operations like lump-breaking, material shifting, material feeding and collection, and sorting were found to be undertaken without protective measures. The handling of asbestos by the workers was noticed much more harsh and not at all safe. During the second study, however, some remarkable changes were noticed. Workers were found with respiratory masks and uniforms during work. Material handlings were more careful.
General house-keeping in the mills was found to be improved. Some re-arrangements in positions of processes within the mill were also noticed.
The processes like edge runners and screens in most cases were found covered with metal hoods to get the evolved fibers settled within the processes. In some cases, extraction hoods were placed above screens though it was not effective. It was also found that a duct from the feeding hopper to the blower of decorticator was drawn with an idea to extract the generated dust at the feeding point. All these measures attempted in the mills were found not effective enough to bring down the fiber level below threshold limit by the Indian Standard. A proper control device must therefore be adopted in these mills.
Recommended Control Measures:
To ensure the control of workers' exposure to asbestos in the mills, house keeping, rigorous personal hygiene with clothing changes and showering after the work shift etc., are recommended to be made mandatory.
Vacuum cleaners with high efficiency particulate air filter should always be used instead of dry sweeping14~. In the design of a most effective dust extraction hood, it is essential to minimise the capture distance (i.e., distance between the point of dust generation to point of collection) and to provide sufficient air exhaust rate15~
A control device comprised of 'Hood-Filter-Fan' is recommended for emission control for the asbestos mills surveyed in this study. A total enclosure of the processes wherever possible such as Jaw crusher, lime mix, eccentric screens (primary and final) or effective local extraction hoods (in case of pulveriser, huller, decorticator and manual screen) with minimum capture distance and adequate exhaust rate, attached with a fabric filter system, small enough to fit into a room to arrest even sub-micronic size fibers and a fan as an air drawing device at the last of the line are required to be installed to control the emission from conventional milling operations. The fiber room should be made leak proof by sealing the openings to stop diffusion of fibers in the mill air. The manual operations must be carried out with great care and proper protective equipments.
In case of mechanised plant, the entire duct should be kept at negative pressure so that the fibers, instead of being emitted, are kept inside the system. The plant should be made perfectly leak proof by sealing the duct joints, elbow of the ducts etc. to control the emission effectively.
